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Abstract 

Strong decays of X(3915) and X(4350) have been studied by assuming them as P-wave char- 
monium states. We estimate the r(X(3915) J/ipu) and r(X(4350) -> via 
open-charm intermediate states. Our calculation supports that the assignment of X(4350) to 
the charmonium state while the assignment of X{3915) is disfavored. 
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1 Introduction 



Two new charmoniumlike resonances named X(3915) and X(4350) were observed recently by 
Belle Collaboration [H |2] in the processes 77 J /ipu and 77 — )■ J /ipip-, respectively. For 
X(3915), M = 3915 ± 3(stat) ± 2syst MeV and T = 17 ± lO(stat) ± 3(syst)MeV; for X(4350), 
M = 4350.6l^;?(stat) ± 0.7(syst) MeV and T = 13l^^(stat) ± 4(syst) MeV. The structure of 
these states has been studied extensively in the literature, the P-wave charmonium states [3111], 
the D* and D*q molecule state [3], The cess teraquark state [B], and the scalar cc and D*D* 
mixing state [7] and so on. 

The purpose of the present paper is to further study strong decays X(3915) — J/ipu 
and X(4350) — )■ J/ip(f), in order to increase our understanding in the structure of these new 
resonances. We will treat them as P-wave charmonium states, following Ref. [5], and the J^*" 
quantum numbers of theirs are 0"'""'" for X(3915) and 2~^~^ for X(4350). Thus their open-charm 
decay amplitudes, such as X(3915) — DD and X(4350) — t- Di*^Z)i*^ transitions, can be easily 
obtained using the 3p0 model [8] . It is obvious that these open-charm intermediate states may 
rescatter into J/tpu or J/ijj^' final states, and this rescattering effects can be captured using 
the method [9] used in [TIUfTT]. 

The paper is organized as follows: In Sec. 2 and Sec. 3, we present the formalism used in 
our study, and give explicit calculations for X(3915) and X(4350). We summarize our results in 
Sec. 4. The open-charm decay amplitudes of X(3915) and X(4350) are fixed in the Appendix 
by 3p0 model. This will help us to determine the coupling constants of X(3915) — DD and 
X(4350) — )■ Ds Ds , which will be used in the calculations of Sec. 2 and Sec. 3. 



The process X(3915) — > J/ipu is OZI rule suppressed, so the final state interaction (FSI) 
effects may play the central role. We will study if the hidden charm decay X(3915) — J/ipu 
mainly arises from the FSI effect of X(3915) D^D^ and X(3915) D+D' rather than 
X(3915) D*°D*° or X(3915) D*+D*- because D*'s are too heavy. 

The strong interactions between X(3915) and -D's can be described by the following phe- 
nomenological Lagrangian: 



The strong coupling constants g can be calculated by some physical models, for example, 
the 3p0 model, which will be shown in the Appendix, the numeral result is |(?o+dd| = 2760MeV . 
The Feynman diagrams for X(3915) — J/ipu through D~^ and D~ is depicted in Figure 1. 
Based on the heavy quark symmetry and chiral symmetry, the effective Lagrangian was 



2 Calculation for X(3915) 



Co+DD = g^+DDiXD^'D^ + XD+D-) 



(1) 



constructed as [12] [13] [H] : 
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Figure 1: The diagrams for X(3915) J/^ + u via D+D" and D^D^ 

Cj,^D*D* = -igj/^D'D*{V{d,D*''D*J - D*'d,D*J) + {d^^.D*^ - ^,d^D*nD*>'^ 

+D*^{rd,D*J -d^^^D*''^)} (4) 
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Cd*dv = -2fD*DV^,uc.p{dV'')]{D^^^D*^^ - Of'^^D^) 



^D*D*V — 1'9D*D*V'^i ^ V^^v \ - /j 

V denote the nonet vector meson matrices 
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The value of the couphng constants are [2] goDV = gD*D*v = (^gv/V^ , gv = i^^p/ fn, 
= 132MeV, fD*DV = fD'D'v/mD* = Xgv/V2, we take /3 = 0.9, and A = 0.56GeV-^ from 



[ISj . gj/^(,DD = A/207r, gj/^D*D* = gj/^DO = mogj/^DD' which was determined in [H] from the 
chiral and heavy quark hmit. 

By the Cutkosky cutting rule, the absorptive part of Fig.l is written as 
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" 27 (27r)32Ei (27r)32E2 ^"^^ -Pi -P2)(27r) «^0+DD(-0^J/^DD-P^£^gae/.i.a/3 

(-x/2z)/^.wep.«,(-^pS)e^(-z)( + ^)(g"+P2) 2 ' 2 (9) 



1 [ d^Pl <fp2 rA, 



A,-e = 2 7 (2vr)32Ei (27r)32E/ (m^ - Pi - |>2)(27r) z/o+DD(-0^7./V^i.i.Pi " 
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■^)fi'DDV'^a; -^2^ 2"-^ (^SO,g) (10) 
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5''(mx - Pi - P2)(2vr)''i/o+DD(- 
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where J^'^{mi,q) 



. A^--mf N2 
. A2_„2 J , 



is a form factor which compensate the off-shell effects of mesons 



at the vertices and are normalized at 



mf. q 



P^l> - Pi = P2 - Puj, A{mi) = mi + aAgcD, 



rrii denote the mass of the exchanged particle and we choose Aqcd = 220MeV here, a should 
not be far from 1. So the total decay amplitude of X(3915) — ?■ J/tpu is: 



M{X{3915) D+D- J/ifjuj) = 2(Ai_„ + + ^i-e + ^1^ 



(12) 



The factor 2 comes form the fact that the amplitudes of Figure 1-b, 1-d, 1-f, 1-h are the 
same with Figure 1-a, 1-c, 1-e, 1-g. The relation between decay width of X(3915) and a is 
shown in Figure. 2. 




Figure 2: The decay rate for X(3915) ^ J/tp + u via D+D~ and D'^D^ 



3 Calculation for X(4350) 

Similarly, the hidden charm decay X(4350) — )■ J/'ip4', which is OZI rule suppressed, may occur 
through Df, D~ and Df*, Df* rescattering. 
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The strong interaction between X(4350)and D^, D* can be described in a phenomenological 
way: 

C2+DD = g2+DDX^''d^Dtd,D- (13) 
C2+D*D = tg2+D'Dd^X''^e^,pp{d^D:'^Pd^D- + d^DTPd^Dt) (14) 

C2+D'D' = g2+D'D'X^''D*+D:; (15) 

The absolute value of g2+DD, g2+D*D, g2+D*D* can be decided by 3p0 model which will be shown 
in Appendix, the numeral result is \g2+DD\ = 0.002Mey~^, |5'2+d*d| = 3.30 x 10^'^MeV~^, 
|5'2+D*D*| = 700MeV. The Feynman diagrams for X(4350) J/ip + are shown in Figure. 3 
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Figure 3: The diagrams for X(4350) J/ip + (f> via Dg and D* assuming X(4350) is Xc2 
The absorptive part of Fig. 2 is written as 
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ex denote the polarization tensors of X(4350) which can be constructed from the polarization 
vector of massive vector bosons as follows: 

The polarization tensor is traceless, transverse and orthogonal: (e^)|^ = ,k^e'^^ = 0, e^'^^e^* = 
26'' , A could be 2 or 1 or or -1 or -2. And 

5 

E^i-^S = ^M^'"/^(^)- (25) 

A=l 

B^,u,ap{k) = [g^a ^>{9up ^) + {9pi3 ^>{9ua ^) 



-^^i9pu-^){9.,-^) (26) 



It is obvious that k^B^^ap = 0, -B^^q/? = 0, for details, see [16] (The Appendix part) 

Similar with X(3915), A2-b = = ^2-/ = ^2-e, ^2-/1 = ^2-9, ^2-i = ^2-i, 

^2-/ = ^2-fc, ^2-n = ^2-m., ^2-p = ^2-o, SO: 

M(4350) = 2{A2-a + A2-C + A2-e + A2-g + A2-J + + A2-„^ + A2-0) (27) 
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We are unable to calculate the width of X(4350) — )> J/ipcj) since we can't decide the relative 
phase between g2+DD, 92+d*d and g2+D*D*- But we can check which channel is dominance by 
assuming X(4350) decay to J/ip and in one of the three way. We show the result in Figure 
4. It is clear that D*'^D*~ is the dominance channel. 
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Figure 4: (Color on line) The decay rate for X(4350) — )■ J/ip + cj) via D^D~ (green line), D*Ds 
(blue line), and D*^D*~ (red line). 



4 Summary 

Using 3p0 model to fix the coupling constants, we studied the hidden charm decays of X(3915) 
J/ipu and X(4350) — )■ J/ip4' by assuming X(3915) and X(4350) are P-wave charmonium states. 
It seems that this assumption works well for X(4350) J/ilj(j). While things are not very good 
for X(3915) since the experimental results implied that r(X(3915) — ?■ J/tpu) should be around 
1 MeV [Ij. Thus X(3915) may not be regarded as a pure charmonium state. This has been 
also pointed out [T7] and [1]. 
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Appendix: The coupling constant 



The 3p0 model use to do a good job in calculating the OZI allowed decay width in meson's 
strong decay. So we can use it to study the amplitude of X(3915) — D^D~ and X(4350) — )■ Dg 
and D*, then decide the coupling constants Qq+dd, 92+00, 92+0*0 and (72+d*d*- When a heavy 




Figure 5: The diagram for meson A decay into meson B and C 



quark meson like X(4350) or A(3915) decays, a pair of light quark- ant iquark created from the 
vacuum with the vacuum's quantum number 0"'""'". The pair should be singlet in color, flavor, of 
zero momentum and zero total angular momentum. The parity should be positive. So L = 1, 
S* = 1. Then the quark- ant iquark separate and enter into different mesons. See Figure 5. The 
transition matrix T is defined as: 

S = l-2Tii5{Ef - Ei)T (A.l) 
and express T in the form of nonrelativistic limit: 

ipo is for SU{3)f singlet {(po = —{uu + dd + ss)/a/3), cuq for color-singlet and Xi,-m for triplet 
state of spin [8]. Yi^m is the spheric harmonic function, reflecting the L = 1 orbital angular 
momentum of the pair. The quark-antiquark pair is created by b^ips) and d^^lp^). k = {rriikj — 
mjki) / {irti + nij) is the relative momentum between the quark and the antiquark within a 
meson. 7 is a dimensionless constant that correspond to the strength of the transition. The 
state of the meson A can be written as: 

\A{J,Mj,L,S)>= Yl <LMlSMs\JMj> [ d'p,d%6{kA - Pi - P2) 

Ml,Ms 

'^nLMAk)XSMsVAi^Ahlidl2\Q > (A.3) 

The states of B and C are similar. \l/nLA/i(^) is the spatial part of a meson's function. In 
this work, we use the simple harmonic oscillator (SHO) potential as the interaction potential 
function inside a meson. So ^'nLA/i(^) could be expressed as 
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Ln^^^'^{k'^R^) is the Laguerre polynomial. R is a parameter comes from the potential func- 
tion. If we take the center of mass frame of meson A, the element of the T matrix can be 
expressed as: 

<BC\T\A>= ^J^EaEbEcI Y1 < LaMl^SaMsJJaMj^ > 

Ml^ , Ms A ' 
M^g , Ms J, , 

< LbMl^SbMs^IJeMj^ >< LcMlcScMsJJcMj^ >< 1 m; 1 - m|0 > 

< ^B^cl^A^O >< XSBMsgXScMsJXSAMs^Xl-m > 

<ub{1,3)uc{2,4)\coa{^,2)P{3,4)>Im'^'Z, W (A.5) 

B ' C 

The spatial integral is: 



(k) = j d^pid^p2d^p3d^P4S{pi + P2)5{p3 + Pi)5{kB - pi - P3)S{kc - P2 - Pi) 

{puP2)\^^^^\Y^m. (A.6) 

In this way, the amplitudes of X(3915) ^ D+D' or and X(4350) ^ DsD; can be 



expressed like: 



M(X(3915) ^ D+D-) = ^^EAEBEcn[2l'o:o' - C] (A-7) 

A^(X(3915) ^ D'D') = ^^EaEbEciWI:,' - /J'"] (A.8) 

A^(X(4350) ^ D^D,) = -^^EaEbEci\iI:,' + /J'o] (A.9) 

3v 15 



A1(X(4350) ^ D,D:) = -L^^ EaEbEci[iI:^' + C] (A.IO) 

ov iU 



2^2 



A^(X(4350) ^ DlDl) = ^^EaEbEci[2II:^' - C] (A.ll) 

7 = 6.3 for the quark-antiquark pair creation of uu and dd^ 7 = 6.3/-\/3 for ss 
We take = 1.6 Gel/, m„ = = 0.22 Ge\/, = 0.419 Ge\/. According to [IS], 
i?z) = 1.52G'e\/-\ = 1.41G'e\/-\ Rm = l.Q9GeV-\ It was decided in [3] that i?x(39i5) = 
1.80 ~ 1.99Gel^~^, 1.92Gel^~^ for the central value of decay width and -Rx(435o) = 1-8 ~ 
3.0Gel^~^, central value is not available. We will choose -Rx(39i5) = 1.92 GeV~^, -Rx(435o) = 
1.90Gel^~^ in this work. The decay rates could be calculated in this way: r(X(3915) — > 
D+D~) = 8.446MeV, r(X(4350) ^ D+D;) = 0.518MeV, r(X(4350) ^ D*+D;) = 2.915MeV, 
r(X(4350) D*+D*~) = 1.282MeV. Then we find the numerical result for the coupling con- 
stant is 

2370MeV 
0m2MeV-' 
= 3.30 X lO-^Mel^-2 
= 700MeV 
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